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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to plasma gen- 5 
erating methods and apparatus, and plasma processing 
methods and apparatus using the same. More particu- 
larly, the present invention relates to a plasma generat- 
ing method and apparatus for use in generating a plas- 
ma by means of microwaves, and a plasma processing 
method and apparatus which uses the same and Is used 
In processing specimens (for example, semiconductor 
elements by means of the plasma). 
[0002] The generating of a plasma and processing 
specimens by means of the plasma has been mentioned 
in. for example, "Microwave Plasma Etching Apparatus, 
■ by Kanai et aK, pp 23 - 28, No. 9. Vol. 73, Hitachi 
Review (1 991 ). Fig. 1 6 shows such an apparatus as not- 
ed above in which a quartz bell-jar 24 as a semispheric 
quartz discharge tube is installed in a waveguide 22 for 
propagating microwaves and a plasma is generated in 
the quartz bell-jar 24 through the interaction between 
the external magnetic field of solenoid coils 23 and the 
electric field of the microwaves from a magnetron 21. 
The plasma thus generated is utilized to process a wafer 
5 as a workpiece loaded on a specimen stage 26 In a 
processing chamber. In this case, reference numeral 27 
denotes a radio-frequency power source for applying an 
RF bias voltage to the specimen stage 26 at the time of 
etching; an etching gas 28 to be introduced into the 
quartz bell-jar 24; and an exhaust gas 29. 
[0003] Such specimen processing devices generate 
non-uniform and unstable plasma which limit the nar- 
rowness of lines which can be etched. For example, in 
the process of manufacturing semiconductors using a 
plasma, the specimen loaded on a specimen stage 
needs processing uniformly without being electrically 
damaged. However, the aforementioned prior art has 
been unsatisfactory to gain plasma performance corre- 
sponding to a future demand for diameter-enlargement 
and densification, that is, to gain a high-density uniform 
plasma. 

[0004] The prior art microwave plasma etching appa- 
ratus has been so constructed as to generate the plas- 
ma in the semispheric quartz bell-jar installed as a mi- 
crowave penetrating member In the waveguide. For this 
reason, the tendency is for the microwaves propagated 
in the waveguide to be easily affected by the quartz bell- 
jar. As microwaves in a plurality of modes can be present 
in a large-diameter waveguide, they are caused by the 
semispheric quartz bell-jar and the plasma generated 
therein to repeat complicated reflection and refraction 
in the waveguide before being absorbed by the plasma 
in the quartz bell-jar. As a result, the microwaves are 
excited into varieties of modes when an apparatus cor- 
responding to a specimen having a diameter of not less 
than 8 inches is set up. Therefore, the microwave un- 
dergoes a mode-to-mode transition in time because the 



plasma thus generated becomes unstable and the state 
of the plasma varies with time. As the state of the plasma 
varies with time, its Impedance also varies and this 
makes it hardly possible to generate high-density plas- 
ma since microwave energy cannot be transmitted to 
the plasma with efficiency and to generate uniform plas- 
ma in a wide range corresponding to such a large-diam- 
eter specimen. 

[0005] US 4,970,435 discloses a plasma processing 
apparatus comprising a microwave oscillator connected 
to a plasma generating chamber and a cylindrical reac- 
tion chamber having a larger diameter than that of the 
plasma generating chamber. 

[0006] In EP 0 383 567 A3, a microwave plasma 
processing method and apparatus Is shown, wherein a 
semispherlcal discharge tube made of quartz is dis- 
posed at another part of the processing chamber to con- 
stitute the processing chamber. 
[0007] JP 62294181 discloses the generating of a 
standing wave in a square cavity resonator by reflection 
of a microwave from a plasma interface in the cavity res- 
onator. 

[0008] Accordingly, it is an object of the present inven- 
tion to provide a plasma generating method and appa- 
ratus for generating a high-density uniform plasma by 
means of microwaves. A second object of the present 
invention is to provide a plasma generating method and 
apparatus for generating a high -density plasma by 
means of microwaves. A third object of the present in- 
vention is to provide a plasma generating method and 
apparatus for generating a stable uniform plasma by 
means of microwaves. A fourth object of the present in- 
vention is to provide a plasma processing method and 
apparatus capable of dealing with specimens having a 
diameter of not less than 200 mm (8 inches) and of im- 
proving the processing rate and uniformity In processing 
specimens. 

[0009] These objects are achieved by the method and 
the apparatus according to the invention as defined in 
claims 1 and 8, respectively. Preferred embodiments of 
the invention are subject of the claims depending ther- 
eon. 

SUMMARY OF THE INVENTION 

[0010] To accomplish the above objectives, various 
embodiments of the present invention as claimed are 
provided in which the microwaves are made resonant 
to increase the uniformity and stability of the plasma. 
For example, according to one embodiment of the 
present Invention as claimed, there is provided a plasma 
etching apparatus and process in which a specimen is 
processed including the step of: 

providing a cylindrical cavity resonator adjacent to 

a plasma reaction chamber, 

introducing microwaves into the cylindrical cavity 

resonator. 
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causing resonance in specific modes of tlie micro- 
waves in the cylindrical cavity resonator, and 
causing the plasma to be generated in the plasma 
reaction chamber by making the magnetic field act 
on the microwave electric field. 

[0011] According to one aspect of the just-described 
embodiment, a flat, platelike microwave radiation win- 
dow for use as a microwave penetrating member is pro- 
vided, having a diameter equal to the inner diameter of 
the plasma reaction chamber. Such a window is provid- 
ed in between a part of the cylindrical cavity resonator 
and the plasma reaction chamber, so that the plasma is 
generated in the plasma reaction chamber 
[0012] High energy density microwaves in specific 
modes obtained by the cylindrical cavity resonator are 
introduced via the microwave radiation window into the 
plasma reaction chamber, and thus a high-density uni- 
form plasma is obtained. 

[0013] Microwave energy loss in the cylindrical cavity 
resonator is unavoidable if only part of the microwaves 
resonated in the cylindrical cavity resonator are intro- 
duced into the plasma reaction chamber, and, therefore, 
the microwave energy transmission efficiency would be 
reduced and a higher-density plasma would not be ob- 
tained. Further, if the apparatus is intended to deal with 
a specimen having a diameter of not less than (8") 200 
mm, the cylindrical cavity resonator tends to become 
greater in size, and so does the apparatus itself. There- 
fore, according to an embodiment of the present inven- 
tion as claimed, there is provided the step of introducing 
some of the microwaves having a high energy densitv 
in the specific modes into the plasnria reaction chamber 
from a microwave radiation window in the form of a flat 
quartz plate having a diameter substantially the same 
as the inner diameter of the plasma reaction chamber 
Keeping the diameter of the resonance chamber and the 
plasma chamber substantially the same increases the 
amount of energy transfer efficiency into the plasma, as 
well as increasing the size of the wafer which can be 
handled, in comparison to embodiments in which the 
resonance chamber has a diameter significantly larger 
than that of the reaction chamber 
[001 4] According to an embodiment of the present in- 
vention as claimed, there is provided, an apparatus 
comprising: a microwave penetrating window which has 
a diameter substantially equal to the inner diameter of 
a plasma generating chamber and is provided in the mi- 
crowave introducing member of the plasma generating 
chamber, and a cavity which has a diameter substan- 
tially equal to the Inner diameter of the plasma generat- 
ing chamber and is for use in resonating microwaves in 
specific modes on a microwave reflective interface with 
the plasma generated in the plasma generating cham- 
ber and is set adjacent to the plasma generating cham- 
ber via the microwave penetrating window; wherein the 
microwave reflective interface has a diameter substan- 
tially equal to that of the cavity and the reflective edge 



face of the cavity. 

[0015] According to an embodiment of the invention 
as claimed, the microwaves introduced via the cavity in- 
to the plasma generating chamber cause the plasma to 
be generated in the plasma generating chamber As the 
generation of the plasma takes place, the microwaves 
from the cavity without being absorbed by the plasma 
are reflected from the microwave reflective interface 
with the plasma. The microwave thus reflected is again 
reflected from the reflective edge face of the cavity and 
becomes a standing wave, which undergoes the repe- 
tition of reflection between the microwave reflective in- 
terface with the plasma and the reflective edge face of 
the cavity and which is superimposed on a newly-inci- 
dent microwave. The resonance state is thus created, 
whereby microwaves in the specific modes are formed 
in the cavity and the high energy of the microwaves in 
the specific modes is applied to the plasma so as to den- 
sify the plasma. 

[001 6] According to this embodiment, since the cavity 
is set substantially equal In diameter to the discharge 
space, the microwaves are resonated on the whole, 
substantially equivalent cavity-to-plasma reflective sur- 
face, and the microwaves in the specific modes trans- 
mitted directly to the plasma. Consequently, a plasma 
excellent in uniformity is generated with stability by res- 
onating the microwaves in the specific modes simulta- 
neously in the presence of a uniform electromagnetic 
field. 

[0017] According to an embodiment of the invention 
as claimed, there is provided an apparatus comprising: 
a cavity for forming a microwave reflective space, 
wherein the microwave reflected from a microwave re- 
flective interface with a plasrm becomes a standing 
wave, and wherein the cavity is coupled to the micro- 
wave Introducing side of a plasma generating member 
where the microwave is introduced. 
[0018] Methods performed by such embodiments of 
the invention as claimed include transmitting the energy 
of the microwaves to the plasma by causing the micro- 
wave transmitted to the cavity to generate a standing 
wave In between the microwave reflective interface with 
the plasma generated in the plasma generating member 
and the opposite-to-plasma edge face of the cavity. 
[001 9] The microwaves introduced via the cavity into 
the plasma generating member cause the plasma to be 
generated in the plasma generating member As the 
generation of the plasnr^ takes place, the microwaves 
from the cavity without being absorbed by the plasma 
are reflected from the microwave reflective interface 
with the plasma. The microwave thus reflected Is again 
reflected from the reflective edge face of the cavity and 
becomes the standing wave, which undergoes the rep- 
etition of reflection in between the microwave reflective 
interface with the plasma and the reflective edge face 
of the cavity and which is superimposed on a newly-in- 
cident microwave. The resonance state is thus created, 
whereby the high energy of the microwaves is applied 
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to the plasma so as to density the plasma. 
[0020] According to an embodiment of the invention 
as claimed, there is provided an apparatus comprising: 
a cavity for forming a microwave reflective space, 
wherein the microwaves reflected from a microwave re- 
flective interface with a plasma become those in specific 
modes, and wherein their reflection is repeated and in- 
stalled on the microwave introducing side of a plasma 
generating member where the microwave is introduced. 
[0021] Methods performed by such embodiments of 
the Invention as claimed include transmitting the micro- 
waves in the specific modes directly to the plasma by 
causing the microwaves transmitted to the cavity to re- 
peat reflection in between the microwave reflective in- 
terface with the plasma generated in the plasma gener- 
ating member and the opposite-to-plasma edge face of 
the cavity provided on the microwave introducing side 
of the plasma generating member. 
[0022] The microwaves introduced via the cavity into 
the plasma generating member cause the plasma to be 
generated In the plasma generating member As the 
generation of the plasma takes place, the microwaves 
from the cavity, without being absorbed by the plasma, 
are reflected from the microwave reflective interface 
with the plasma. The microwave thus reflected is again 
reflected from the reflective edge face of the cavity and 
becomes a standing wave, which undergoes the repe- 
tition of reflection in between the microwave reflective 
interface with the plasma and the reflective edge face 
of the cavity. The resonance state is thus created, 
whereby the microwaves in the specific modes are 
formed in the cavity Since the microwaves in the spe- 
cific modes are directly transmitted to the plasma, a 
plasma excellent in uniformity is generated with stability 
by making the microwaves in the specific modes have 
an electromagnetic field excellent in uniformity 
[0023] According to an embodiment of the invention 
as claimed, there is provided an apparatus comprising: 
a waveguide for propagating microwaves generated 
from a microwave oscillator fitted to one end of the 
waveguide, a cylindrical cavity whose one enlarged 
edge face is coupled to the other end of the waveguide, 
a cylindrical plasma generating chamber having a diam- 
eter substantially equal to that of the cylindrical cavity 
coupled to the other open end of the cylindrical cavity, 
a flat, platelike microwave penetrating window which 
has a diameter substantially equal to the diameters of 
the cylindrical cavity and the plasma generating cham- 
ber, and which is provided at the joint between the cy- 
lindrical cavity and the plasma generating chamber, a 
specimen stage provided in the plasma generating 
chamber in such a way as to face the microwave pene- 
trating window, processing gas supply means for sup- 
plying a processing gas to the vicinity of the microwave 
penetrating window in the direction of the plasma gen- 
erating chamber, and vacuum extraction means for vac- 
uumizing the plasma generating chamber. 
[0024] Methods performed by such embodiments of 



the invention as claimed include: supplying the process- 
ing gas to the plasma generating chamber and vacuu- 
mizing the plasma generating chamber up to a prede- 
termined pressure level, introducing the microwaves 

s thus oscillated into the cylindrical cavity, introducing the 
microwaves propagating through the cylindrical cavity 
directly into the plasma generating chamber, converting 
the processing gas in the plasma generating chamber 
to a plasma by means of the microwaves Introduced into 

10 the plasma generating chamber, resonating the micro- 
waves that have not been absorbed by the plasma in 
specific modes in between the plasma generated in the 
plasma generating chamber and the other edge face of 
the cylindrical cavity opposite to the plasma generating 

IS chamber, and processing a specimen by means of the 
plasma in the plasma generating chamber. 
[0025] The processing gas in the plasma generating 
chamber is converted into the plasma by means of the 
microwaves introduced from the cylindrical cavity into 

20 the plasma generating chamber. Since the cylindrical 
cavity, the microwave penetrating window and the cylin- 
drical plasma generating chamber are set to have sub- 
stantially the same diameter, the microwaves from the 
cylindrical cavity which have not been absorbed by the 

25 plasma as the generation of the plasma takes place are 
reflected from the microwave reflective interface with 
the plasma and those reflected therefrom are again re- 
flected from the other edge face of the cylindrical cavity. 
The microwave becomes a standing wave in the specific 

30 mode and undergoes the repetition of reflection in be- 
tween the microwave reflective interface with the plas- 
ma and the edge face of the cylindrical cavity and is su- 
perimposed on a newly-incident microwave. The reso- 
nance state is thus created, whereby the microwaves in 

35 the specific modes are formed in the cylindrical cavity 
and the high energy of the microwaves in the specific 
modes is transmitted to the plasma so as to density the 
plasma. As the densification of the plasma progresses, 
further, the number of ions and reactive species in the 

40 plasma increases, thus improving the rate of processing 
specimens. Since the cylindrical cavity is set substan- 
tially equal in diameter to the plasma generating cham- 
ber, the energy of the microwaves thus resonated is 
transmitted in the specific modes directly to the plasma 

45 which conforms to the mode configuration. Therefore, a 
plasma excellent in uniformity is generated with stability, 
which results in improving the uniform processing of 
specimens. 



[0026] For a more complete understanding of the 
present invention and for further advantages thereof, 
reference is made to the following Detailed Description 
55 taken in conjunction with the accompanying drawings, 
in which: 

Fig. 1 is a vertical sectional view of a vac- 
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Fig. 2 
Fig. 3 
Fig. 4 



Fig. 4A 
Fig. 5 

Fig. 6 

Fig. 7 



Fig. 8 



Fig. 9 



Fig. 10 



Fig. 11 



uum processing apparatus which is 
loaded with a plasma processing ap- 
paratus embodying the present in- 
vention. 

is a block diagram taken on plane II 
-II of Fig. 1. 

is a plan sectional view taken on line 
III -til of Fig. 1. 

is a vertical sectional view taken on 
line IV - 1 Vof Fig. 1 and illustrates the 
plasma processing apparatus in ver- 
tical cross section according to the 
present invention. 

is a vertical sectional view of yet a 
further embodiment of the invention. 

is a detailed view of the gas introduc- 
ing member of the apparatus of Fig. 
4. 

is an enlarged view of the plasma 
generating member of the apparatus 
of Fig. 4. 

is a graphical representation show- 
ing the level and uniformity of the 
density of an ionic current reaching 
a workpiece when the dimensions 
(L1 ) of the cylindrical cavity in the ap- 
paratus of Fig. 4 are varied. 

is a graphical representation show- 
ing a reflected microwave when the 
dimensions (LI) of the cavity in the 
apparatus of Fig. 4 are varied. 

is a graphical representation show- 
ing the relation between the dimen- 
sions (LI) of the cavity and the uni- 
fomiity of the ionic current density 
when the distance (L2) between a 
flat quartz plate for use in introducing 
microwaves and an ECR interface in 
the apparatus of Fig. 4 is varied. 

is a graphical representation show- 
ing the level and uniformity of the ion- 
ic current reaching the workpiece 
when the distance (L2) between the 
flat quartz plate for use in introducing 
microwaves and the ECR interface in 
the apparatus of Fig. 4 is varied. 

is a graphical representation show- 



ing the relation between the dimen- 
sions (LI) of the cavity and the uni- 
formity of the ionic current density 
when the distance (L3) between the 
ECR interface and a specimen stage 
for loading the workpiece in the ap- 
paratus of Fig. 4 is varied. 

Fig. 12 is a graphical representation show- 

ing the level and uniformity of the ion- 
ic current reaching the workpiece 
when the distance (L3) between the 
ECR interface and a specimen stage 
for loading the workpiece in the ap- 
paratus of Fig. 4 is varied. 

Fig. 13{A-C) shows the dimensions (LI) of the 
cavity, the level of the density of the 
ionic current reaching the workpiece, 
the uniformity of the ionic current 
density, and discharge stability when 
a magnetic field gradient in the ap- 
paratus of Fig. 4 is varied: 13(A) 
shows the level of the ionic current 
density; 13(B) the uniformity of the 
ionic current density; and 13(C) the 
discharge stability. 

Fig. 14 is a graphical representation show- 

ing the level and uniformity of the ion- 
ic current reaching the workpiece 
when the magnetic field gradient in 
the apparatus of Fig. 4 is varied. 

3S Fig. 15 is a vertical sectional view of another 

plasma processing apparatus em- 
bodying the present invention. 

Fig. 16 is a block diagram of a conventional 

microwave plasma etching appara- 
tus. 



[0027] It is to be noted, however, that the appended 
drawings illustrate only typical embodiments of this in- 
vention as claimed and are therefore not to be consid- 
ered limiting of its scope, for the invention as claimed 
may admit to other equally effective embodiments. 

DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

[0028] Referring to Figs. 1 through 6 inclusive, an em- 
bodiment of the present invention as claimed will be de- 
scribed. 

[0029] A vacuum processing apparatus comprises an 
integral frame 16, a rectangular vacuum processing unit 
1 and a loader 2 which are fitted to the frame 16. The 
loader 2 includes a table for placing a cassette 12 in 
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position, a wafer orientation flat mate 11 and an atnnos- 
pheric conveyor robot 9. The vacuum processing unit 1 
includes a buffer chamber 3, a load lock chamber 4, an 
unload lock chamber 5, a processing chamber 6, a post- 
processing chamber 7 and a vacuum conveyor robot 10. 
[0030] The atmospheric conveyor robot 9, which has 
extensible arms 91 and Is capable of moving vertically 
and horizontally, puts wafer sheets 8 In and out of the 
cassette 1 2 one after another so as to convey the wafer 
8 from the cassette 1 2 of the loader 2 to the wafer 8 
orientation flat mate 11 . from the wafer 8 orientation flat 
mate 11 up to the load lock chamber 4, and further be- 
tween the unload lock chamber 5 and the cassette 12. 
[0031] The vacuum conveyor robot 10 has extensible 
arms 101 and conveys the wafer 8 from the load lock 
chamber 4 up to the processing chamber 6. and from 
the processing chamber 6 to the post-processing cham- 
ber 7 and to the unload lock chamber 5. Moreover, the 
vacuum conveyor robot 1 0 is installed so that the turning 
locus of its extensible arms 101 may be the configura- 
tion of all points satisfying the specified geometric con- 
ditions of the processing chamber 6. the unload lock 
chamber 5 and the post-processing chamber 7 while 
connecting the load lock chamber 4 and the processing 
chamber 6. 

[0032] The wafer cassette 1 2 installed in the loader 2 
includes cassettes 12A, 12B for product wafers and a 
dummy cassette 12C. The cassettes 12 are provided 
with wafer search mechanisms 1 21 (A, B, C), 1 22 (A, 8, 
C) and when the cassettes 1 2 are set, the wafer search 
mechanisms 121 recognize specimens therein, respec- 
tively. 

[0033] The bad lock chambers 4, 5, the processing 
and post-processing chambers 6, 7 are provided with 
wafer lifting mechanisms 14A, 148, respectively Fur- 
ther, the extensible arms 91, 101 of the respective ro- 
bots are arranged so that they can transfer the wafer 8. 
The wafer lifting mechanism 148 of the processing 
chambers is incorporated in a specimen stage for load- 
ing the wafer, the specimen stage being simultaneously 
used as an electrode. Reference numeral 15 denotes a 
ring gate for partitioning off the buffer chamber 3 to form 
the processing chamber 6; 13, a discharge means for 
etching; and 1 4, a discharge means for post-processing 
(ashing). 

[0034] The processing chamber 6 is used as a plasma 
etching chamber for subjecting the wafers 8 to plasma 
processing one after another, for example, and Installed 
In the lower left portion of the vacuum processing unit 1 
as illustrated. The load and unload lock chambers 4, 5 
are provided opposite to the processing chamber 6 with 
the vacuum conveyor robot 10 held therebetween, that 
is, in the right portion of the vacuum processing unit 1 
as illustrated. The post-processing chamber 7 is used 
for post-processing the etched wafers 8 one after an- 
other and provided in the intermediate portion of the vac- 
uum processing unit 1 with respect to the unload lock 
chamber 5. 



[0035] As shown in Fig. 3. the buffer chamber 3 is pro- 
vided with an opening in the thickness direction of a sin- 
gle structure 1 00 so as to f omfi a space In which the load 
lock chamber 4. the unload lock chamber 5, the process- 

5 ing chamber 6, the post-processing chamber 7 and the 
vacuum conveyor robot 10 are installed. With a central 
opening as a space in which the vacuum conveyor robot 
10 is installed, there Is formed a channel 102 for con- 
veying specimens by hollowing out the single structure 

10 1 00 in such a way as to let corresponding openings com- 
municate with each other. As the chamber-to-chamber 
positional relation is defined accurately thereby, a pre- 
cision vacuum processing apparatus is thus obtainable. 
Since the vacuum processing unit 1 and the loader 2 

IS are integrally fitted to the frame 1 6, it is possible to pro- 
vide a more accurate vacuum processing apparatus. 
[0036] In this case, reference numeral 103 denotes a 
channel for use in conveying specimens in preparation 
for the additional provision of a second processing 

20 chamber and the second processing chamber 35. which 
is shown by a chain doubte-dashed line, is coupled to 
the side wall of the buffer chamber 3. Normally, the chan- 
nel 103 may be utilized for the inspection of the interior 
of the vacuum processing unit 1 . In other words, the op- 

2S erator is allowed to troubleshoot not only the vacuum 
conveyor robot 1 0 without an unnatural working posture 
because the processing chamber 6, the vacuum con- 
veyor robot 1 0 and the load lock chamber 4 are arranged 
in the vicinity of one side end of the vacuum processing 

30 unit 1 but also each chamber via the space of the vac- 
uum conveyor robot 10. The maintenance operation Is 
thus facilitated. 

[0037] A descriptbn will subsequently be given of the 
operation of processing a wafer in the vacuum process- 
as ing apparatus thus constructed. 

[0038] First, the atmospheric conveyor robot 9 is 
moved to a desired cassette 1 2 and the extensible arms 
91 are stretched toward the cassette 12 of the loader 
Then the fork of the extensible arms 91 Is inserted under 
40 a wafer 8 in the cassette and the atmospheric conveyor 
robot 9 is slightly lifted to transfer the wafer 8 onto the 
fork. Subsequently, the atmospheric conveyor robot 9 is 
moved to the front of the orientation flat mate 1 1 and the 
extensible arms 91 are moved onto the orientation flat 
45 mate 11 and further the atmospheric conveyor robot 9 
is slightly lowered to transfer the wafer 8 onto the orien- 
tation fiat mate 11 . While the wafer 8 is fitted in with the 
orientation flat mate 11, the extensible arms 91 are re- 
turned to a standby position. When fitting the wafer 8 in 
so with the orientation, flat mate 1 1 is completed, the oper- 
ation of the atmospheric conveyor robot 9 is reversed 
so as to transfer the wafer 8 onto the fork of the atmos- 
pheric conveyor robot 9. Then a loading member 34 is 
forced by the wafer lifting mechanism 14 to airtightly 
ss contact the bottom of the load lock chamber 4 to fomn a 
load lock chamber and while the gate valve 33 of the 
load lock chamber 4 is kept open, the extensible arms 
91 of the atmospheric conveyor robot are moved Into 
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the load lock chamber 4, whereby the water 8 is carried 
in. The atmospheric conveyor robot 9 is then slightly 
lowered to transfer the wafer 8 onto the loading member 
34. The extensible arms 91 are then returned to the 
standby position and the gate valve 33 is closed. After s 
the load lock chamber 4 is evacuated, the loading mem- 
ber 34 is lowered by operating the wafer lifting mecha- 
nism 14. The extensible arms 101 of the vacuum con- 
veyor robot 10 are moved beneath the wafer 8 on the 
loading member 34, which is then slightly lowered by 
operating the wafer lifting mechanism 1 4, and the wafer 
8 is delivered onto the fork of the extensible arms 101 . 
By moving its extensible arms 1 01 , the vacuum convey- 
or robot 10 conveys the wafer 8 via the channel 102 in 
the buffer chamber 3 up to the processing chamber 6. 
In its reverse operation, moreover, the vacuum convey- 
or robot 10 conveys the wafer 8 up to the cassette po- 
sition on the unloading side of the loader 2. When the 
post-processing is needed in this case, the wafer 8 is 
conveyed by the extensible arms 101 of the vacuum 
conveyor robot 10 via the post-processing chamber 7. 
The wafer 8 that has been etched is subjected to plasma 
post-processing In the post-processing chamber 7. 
[0039] On the assumption that, for example, wafers 8 
are respectively present in the load lock chamber 4, the 
processing chamber 6 and the post-processing cham- 
ber 7, excepting the unload lock chamber 5, the locus 
of the extensible arms 101 of the vacuum conveyor ro- 
bot 10 is plotted as follows: that is, the arms 101 of the 
vacuum conveyor robot 10 first move the wafer 8 in the 
post-processing chamber 7 to the unload lock chamber 
5, transfers the wafer 8 in the processing chamber 6 to 
the post-processing chamber 7 and then conveys the 
wafer 8 in the load lock chamber 4 to the processing 
chamber 6. The extensible arms 101 will repeat such a 
locus thereafter. As shown in Fig. 3, the center O4 of 
revolution of the arms of the vacuum conveyor robot 10 
is located in such a way that it is shifted to either left or 
right side of a line XX which connects a position C inter- 
mediate between (the center of) the load lock cham- 
ber 4 and (the center Og of) the unload lock chamber 5, 
and the center O3 of the processing chamber; that is, to 
the side end of the vacuum processing unit 1 . With this 
arrangement, the range 8 of revolution of the arms of 
the vacuum conveyor robot 10 (see Fig. 3) comes to 
about half a round of the circumference; namely 1 90" 
according to the embodiment of the present invention. 
By setting the revolution of the anris of the vacuum con- 
veyor robot 10 substantially within the semicircular 
range, the vacuum conveyor robot 10 is capable of con- 
veying one sheet of wafer 8 to each of the load lock 
chamber 4, unload lock chamber 5. processing chamber 
6 and post-processing chamber 7 with a circular move- 
ment equivalent to not greater than about half a round 
of the circumference. Since the range of revolution of 
the arms of the vacuum conveyor robot 10 is set sub- 
stantially within the semicircular range, the range of rev- 
olution of the arms of the vacuum conveyor robot 10 be- 



comes narrow, thus cutting down the tact time. 
[0040] With reference to the arrangement above, the 
outer diameter of the processing chamber 6 Is greater 
than those of the other chambers such as load lock 
chamber 4, the unload lock chamber 5 and the post- 
processing chamber 7. The processing chamber 6 is 
placed closer to one side of the vacuum processing unit 
1. whereas the other chambers and the vacuum con- 
veyor robot 1 0 are disposed with two of them set parallel 
to each other, so that these chambers together with the 
vacuum conveyor robot 10 may be arranged properly in 
a predetermined space. 

When the processing chamber is of such a type that it 
is equipped with a microwave generator with a magnetic 
field, moreover, the size of the apparatus tends to be- 
come large to the extent that the microwave generator 
is added. Even when such a large processing chamber 
is employed with the arrangement above, however, the 
remaining chambers can properly be disposed and the 
vacuum processing unit 1 can also be made compact 
as these components have been disposed with two of 
them set parallel to each other. 
[0041] A description will subsequently be given of a 
plasma processing apparatus to be installed in the 
processing chamber 6 of the vacuum processing unit. 
[0042] Fig. 4 is a plasma processing apparatus em- 
bodying the present invention. An alternative embodi- 
ment to that of Fig. 4 Is seen in Fig. 4A, where like parts 
are seen having like numbers. Fig. 5 Is a detail view of 
the gas introducing portion of Fig. 4 and Fig. 6 an en- 
larged view of the plasma generating unit thereof. The 
present embodiment refers to a case where microwaves 
and a magnetic field are utilized as a means for gener- 
ating a plasma by way of example. Reference numeral 
61 denotes a magnetron for generating microwaves; 62 
a rectangular waveguide for propagating microwaves; 
63 a circle-rectangle conversion waveguide; 64 a cylin- 
drical cavity; 641 , the top of the cylindrical cavity 64; 65 
solenoid colls for generating a magnetic field; 66 a mi- 
crowave penetrating window (e.g., a flat quartz plate); 
67 a vacuum vessel; 68 a specimen stage for loading a 
wafer as a specimen; 69 a drive mechanism for vertically 
nrvovingthe specimen stage; 610 a radio-frequency pow- 
er source for applying a radio-frequency bias voltage to 
the specimen stage at the time plasma processing, for 
example, etching; 611 a shower plate for introducing a 
processing gas, for example, an etching gas Into the 
vacuum vessel 67; 111 gas nozzles provided in the 
shower plate 611 ; 112 a gas introducing channel; 612 a 
variable valve for regulating the pressure in the vacuum 
vessel; 613 a turbo molecular pump for reducing the 
pressure in the vessel 67; 61 4 a vacuum pump for rough 
evacuation. 

[0043] A lower vessel 31 is fitted to the lower part of 
the buffer chamber 3 and is equipped with the specimen 
stage 68 as what corresponds to the opening of the buff- 
er chamber 3 and the variable valve 612 in its mid por- 
tion. The turbo molecular pump 61 3 is fitted to the end 
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portion of the lower vessel 31 and the vacuum pump 
61 4 for rough evacuation is coupled to the turbo molec- 
ular pump 613. 

[0044] The specimen stage 68 is provided with the 
drive mechanism 69, so that the upper portion of the s 
specimen stage is made vertically movable. The radio- 
frequency power source 610 is connected to the speci* 
men stage 68 so as to apply the radio-frequency bias 
voltage to the specimen stage 68. 
[0045] The cylindrical vacuum vessel 67 is fitted to the 
upper part of the buffer chamber 3 and the flat platelike 
microwave penetrating window 66 is airtightly fitted in 
the upper opening of the vacuum vessel 67, a plasma 
generating chamber being formed with the vacuum ves- 
sel 67 and the microwave penetrating window 66. A cy- 
lindrical wall 642 which has a diameter substantially 
equal to that of the vacuum vessel 67 and is electrically 
connected to the vacuum vessel 67 surrounds the mi- 
crowave penetrating window 66. The top plate 641 hav- 
ing a central circular opening is fitted in the upper open- 
ing of the cylindrical wall 642 and electrically connected 
to the cylindrical wall 642. The cylindrical cavity 64 en- 
closed with the microwave penetrating window 66, the 
cylindrical wall 642 and the top plate 641 is thus provid- 
ed. The circle-rectangle conversion waveguide 63 is 
coupled to the central circular opening of the top plate 
641 and electrically connected thereto. Further, the 
waveguide 62 and the magnetron 61 are successively 
electrically coupled to the circle-rectangle conversion 
waveguide 63. 

[0046] The ring gate 15 is provided as a cylindrical 
gate valve for separating the processing chamber 6 from 
the channel 102 as a specimen conveying space in the 
buffer chamber 3. The ring gate 15 is so formed as to 
have a diameter substantially equal to that of the inner 
diameter of the vacuum vessel 67, incorporated from 
under the buffer chamber 3 and vertically driven by two 
air cylinders arrange symmetrically about the central ax- 
is of the ring gate 15. 

[0047] The solenoid coil 65 is provided on the outer 
periphery of the vacuum vessel 67 as well as the cylin- 
drical cavity 64. The solenoid coil 65 includes solenoid 
colls 652, 653 wound on the outer peripheral portions of 
the cylindrical cavity 64 and the vacuum vessel 67, and 
a solenoid coil 651 located on the top plate 641 of the 
cylindrical cavity 64, the latter having not only a smaller 
inner diameter but also a greater number of turns in the 
circumferential direction. The solenoid coil 651 is used 
for generating the main magnetic flux, whereas the so- 
lenoid coils 652, 653 are used for controlling the mag- 
netic lines of force. Further, a yoke 654 on the outer pe- 
riphery of the solenoid coils 651 , 652, 653 is used for 
enclosing these coils. The inner upper end portion of the 
yoke 654 as what corresponds to the solenoid coil 651 
is concentric with the cylindrical cavity 64 and the vac- 
uum vessel 67, and bent down toward the cylindrical 
cavity 64. 

[0048] The shower plate 61 1 having a number of gas 



nozzles 111 is provided under the microwave penetrat- 
ing window 66 with a very small gap left therebetween 
and the gas introducing channel 1 1 2 is made to commu- 
nicate with the gap between the microwave penetrating 
window 66 and the shower plate 611 . 
[0049] As shown in Fig. 6, the inner face of the vacu- 
um vessel 67 is lined with a cylindrical insulating cover 
671 made of plasma-resistant material such as quartz 
and ceramics in order to render the vacuum vessel 67 
free from the contamination of metal. Moreover, an earth 
electrode 672 as a ground potential member is fitted to 
the inside of the vacuum vessel 67 in the vicinity of the 
specimen stage 68 in the form of an electrode. The earth 
electrode 672 is electrically connected to the buffer 
chamber 3 set at the ground potential and bent inward 
to form a groove with the vacuum vessel 67. The insu- 
lating cover 671 in this case is fitted into and held in the 
groove formed between the Inner wall surtace of the 
vacuum vessel 67 and the earth electrode 672. The in- 
sulating cover 672 is made not less than 5 mm thick in 
consideration of Its strength and maintenance period. 
The earth electrode 672 allows conduction to exist be- 
tween the vacuum vessel 67 electrically insulated by the 
insulating cover 672 and a plasma 615. 
[0050] In order to avoid the contamination of metal, 
the inner surtace of the vacuum vessel 67 may other- 
wise be covered with a plasma-resistant insulating ma- 
terial (e.g., quartz, AI2F3, mullite, Cr203) or a semicon- 
ductor (e.g., SiC). When radio-frequency bias power is 
applied to the specimen stage 68 for processing pu rpos- 
es, the plasma-resistant insulating material should pref- 
erably be set not greater than 1 mm thick to nnake the 
earth effect readily achievable. 
[0051] With the apparatus thus constructed, the vac- 
uum vessel 67 is first evacuated by the turbo molecular 
pump 61 3 and the vacuum pump 61 4 in order to gener- 
ate the plasma in the vacuum vessel 67. When a spec- 
imen is processed, the processing gas is introduced 
from the gas introducing channel 11 2 in between the mi- 
crowave penetrating window 66 and the shower plate 
611 and thence to the vacuum vessel 67 from the gas 
nozzles 111 provided In the shower plate 611. Inciden- 
tally, the same effect will be achievable even though the 
gas nozzles are provided in the periphery of the under- 
surface of the microwave penetrating window 66 without 
using the shower plate 611. 

[0052] Subsequently, the microwave which possess- 
es a frequency of 2.45 GHz in this case and is oscillated 
from the magnetron 61 is guided into the cylindrical cav- 
ity 64 along the rectangular waveguide 62 and the circle- 
rectangle conversion waveguide 63. In this case, micro- 
waves in a rectangular TE^^ mode are propagated 
through the waveguide 62 and these microwaves are 
converted by the circle-rectangle conversion waveguide 
63 to those in a circular TE^q mode, before being intro- 
duced into the cylindrical cavity 64. The microwave thus 
introduced into the cylindrical cavity 64 is then guided 
into the vacuum vessel 67 via the microwave penetrat- 
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ing window 66 and the shower plate 611 . In the mean- 
time, the solenoid coils 65 installed around the vacuum 
vessel 67 cause an axial magnetic field to be formed in 
the vacuum vessel 67. Due to the microwaves intro- 
duced into the vacuum vessel 67 and the action of the s 
magnetic field deriving from the solenoid colls 65, elec- 
trons in the plasma make a gyrating movement on re- 
ceiving the Lorentz power from the magnetic field. When 
the period of the gyrating movement substantially con- 
forms to the frequency of the microwave, the electrons 
receive energy from the microwaves with efficiency and 
produce a high-density plasma 615 deriving from the 
Electron Cyclotron Resonance phenomenon (hereinaf- 
ter called the "ECR"). The apparatus according to the 
present invention as claimed is designed to make an 
equal magnetic field interface (hereinafter called the 
"ECR interface") meeting the requirements for causing 
the ECR exist In the vacuum vessel 67. In this case, the 
strength of the magnetic field on the ECR interface is 
875 gauss. A high-density plasma 61 5 is thus generated 
in the vacuum vessel 67. Fig. 4 shows an ECR interface 
152 by a broken line. The ECR interface is so controlled 
and regulated by the solenoid coil 651 for the main mag- 
netic flux and the control solenoid coils 652, 653 that it 
may be set at a desired level in the vacuum vessel 67. 
According to the present embodiment of the invention, 
the solenoid coils 65 are fastened together by the yoke 
654, which has been drawn up to the inner peripheral 
portion of the solenoid coil 651 , whereby it is easy con- 
centrating the magnetic field formed in the solenoid coils 
65 in the axial direction, flattening the ECR interface by 
means of the control solenoid coils 652, 653, and con- 
trolling the level of the ECR interface. Although the up- 
per edge portion of the yoke 654 In this case is to be 
folded back axially so as to concentrate the magnetic 
field in the axial direction with greater efficiency, the in- 
tended purpose can be accomplished without taking the 
trouble to fokJ back the upper edge portion thereof axi- 
ally. 

[0053] Fig. 6 shows the behavior of the microwave in- 
troduced into the cylindrical cavity 64. The microwave 
introduced into the cylindrical cavity 64 first becomes a 
standing wave which repeats reflection with the speci- 
men stage 68 as a reflective end after being Introduced 
via the cylindrical cavity 64 and the microwave penetrat- 
ing window 66 into the vacuum vessel 67 or what re- 
peats reflection between the top plate 641 of the cylin- 
drical cavity 64 and the upper or lower face of the mi- 
crowave penetrating window 66 or the shower plate 611. 
During this time of reflection, the processing gas in the 
vacuum vessel 67 is excited by the microwaves intro- 
duced Into the vacuum vessel 67 and converted into a 
plasma. When the density of the plasma thus generated 
exceeds a certain level (in a case where a magnetic field 
is present, electron density > 1 x lO^Vcm^), some of the 
microwaves incident on the plasma are reflected in the 
plasma portion having that density In the case of a dis- 
charge using the ECR, the plasma density readily rises 



up to a level at which the microwave is reflected. For 
this reason, some of the microwaves are reflected with 
the plasma portion 615 having that densrty as a bound- 
ary plane 1 51 and such a microwave becomes a stand- 
ing wave c after repeating reflection between the top 
plate 641 of the cylindrical cavity 64 and the boundary 
plane 151 of the plasma 615. When the density of the 
plasma thus generated exceeds a certain level (in a 
case where a magnetic field is present, electron density 
> 1 X lO^Vcm^), the standing wave c becomes domi- 
nant. 

[0054] A description will subsequently be given of the 
above fact. Although the boundary plane 1 51 of the plas- 
ma actually has a certain thickness, the thickness of the 
boundary plane 1 51 will be bypassed for the sake of ex- 
plaining the principle only. When the distance from the 
top plate 641 of the cylindrical cavity 64 up to the bound- 
ary plane 151 of the plasma 615 (equivalent distance 
with respect to the microwave: L = / JeTdx (integration 
of (0, 1 ), er = dielectric constant, is used) comes to inte- 
ger times 1 /2 of guide wavelength in a certain mode, this 
mode produces resonance, which can exist as a stand- 
ing wave between the top plate 641 of the cylindrical 
cavity 64 and the boundary plane of the plasma 615. A 
microwave newly Introduced from the circle-rectangle 
conversion waveguide 63 Into the cylindrical cavity 64 
is superimposed on the standing wave, whereby a mi- 
crowave equal in the mode of guide wavelength to the 
standing wave resonates therewith and becomes what 
has a more intense electromagnetic field. The mode 
which is unable to satisfy the condition above attenuates 
and fails to exist between the top plate 641 of the cylin- 
drical cavity 64 and the boundary plane 1 51 of the plas- 
ma 615. 

[0055] By properly selecting the height of the cylindri- 
cal cavity 64, the resonance-intensified microwaves in 
a specific single mode or a plurality of specific modes 
can thus be introduced into the vacuum vessel 67 via 
the microwave penetrating window 66 and the shower 
plate 611 while the mode In the cylindrical cavity 64 is 
maintained. In other words, a uniform stable, high-den- 
sity plasma can be generated as no arbitrary mode-to- 
mode transition is allowed to occur after the plasma is 
generated. 

[0056] In this case, microwaves in the TE-^ mode are 
Introduced from the circle-rectangle conversion 
waveguide 63 into the cylindrical cavity 64. Since the 
microwaves in the TE^^ mode are to be introduced into 
the cylindrical cavity 64, though microwaves in various 
modes TE, TM may be present in the cylindrical cavity 
64 having an enlarged inner diameter, the mode TE Is 
basically easy to occur. Such a mode TE as is inducible 
includes TEi,, TE21. TEq^ TEg^, TE41, TE^g. TE51, 
TE22, TE02, TEgv As microwaves to be introduced into 
the cylindrical cavity 64 in this case are the microwaves 
In the mode TE^ , a propagation ratio is high in the mode 
TE^v internal dimensions of the cylindrical cavity 
64 are set so that the standing wave c in the mode TEqi 
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can be formed, whereby microwaves mainly in the 
modes TE^^, TEq^ are propagated through the cylindri- 
cal cavity 64. With respect to microwaves in other 
modes than those mentioned above, some of them are 
reflected from the boundary plane 1 51 of the plasma 61 5 s 
due to a phase shift and gradually attenuate while they 
are offset by newly introduced microwaves. The micro- 
waves in the mode TE^^ provide a strong electromag- 
netic field in the central portion, whereas those in the 
mode TEqi make a strong electromagnetic field in the 
peripheral portion. Consequently, by superimposing the 
microwaves in the two modes, microwaves having not 
only a strong electromagnetic filed but also a uniform 
electromagnetic field strength can be propagated over 
a wide range of the interior of the cylindrical cavity 64. 
A uniform, stable high-density plasma can thus be gen- 
erated in the vacuum vessel 67. 
[0057] Since the inner diameters of the cylindrical 
cavity 64 and the vacuum vessel 67 are set equal at this 
time, a serious error in the inner diameter of the space 
ranging from the top plate 641 of the. cylindrical cavity 
64 up to the boundary plane 151 of the plasma 615 is 
obviated and microwaves propagating in the cylindrical 
cavity 64 can directly be transmitted to the vacuum ves- 
sel 67. Therefore, the cylindrical cavity 64 and the vac- 
uum vessel 67 are basically substantially equal in inner 
diameter Notwithstanding, the inner diameter of the 
vacuum vessel 67 is set slightly smaller under certain 
design restrictions as to, for example, the fitting of the 
microwave penetrating window 66. Incidentally the rea- 
son for setting the inner diameter of the vacuum vessel 
67 slightly smaller than that of the cylindrical cavity 64 
is attributed to the way of fitting the shower plate 611 
and the microwave penetrating window 66. Since the 
cylindrical cavity 64 and the vacuum vessel 67 are re- 
spectively situated on the atmospheric and negative 
pressure sides in particular, the microwave penetrating 
window 66 is pressed against the upper end portion of 
the vacuum vessel 67 by making use of the difference 
in pressure so as to keep the interior of the vacuum ves- 
sel 67 airtight. 

[0058] Although the inner diameter of the vacuum 
vessel 67 is set equal in the axial direction according to 
the present embodiment of the invention as claimed, the 
inner diameter of the lower part of the vacuum vessel 
may be varied gradually with the same effect achievable 
as set forth above as long as the boundary plane 1 51 of 
the plasma 615 is at least set equal in diameter to the 
cylindrical cavity 64 as shown in Fig. 4A. In this case, 
the inner diameter is gradually increased up to the spec- 
imen carrier 68 where it is sized as required. In this man- 
ner, the cylindrical cavity may be reduced in size and 
the whole body including the solenoid coils 65 may also 
be made compact. 

[0059] Referring to Figs. 7 through 1 4 inclusive, plas- 
ma performance of the aforementioned apparatus will 
subsequently be described. 

[0060] In order to examine the plasma performance 



of the apparatus according to the present Invention, the 
diameter of the cylindrical cavity 64 is set at 405 mm 
and the height thereof is rendered variable from 0 to 1 60 
mm. Moreover, the diameter of the microwave penetrat- 
ing window 66 is set at 404 mm; the diameter of the vac- 
uum vessel 67 at 350 mm; and the distance between 
the undersurface of the microwave penetrating window 
66 and the top of the specimen stage 68 at 175 mm. 
[0061] Any plasma performance tendency to be de- 
scribed below is not restricted to the dimensions of the 
aforementioned apparatus according to the present in- 
ventbn as claimed. When a specimen is processed by 
means of a microwave plasma, the microwave penetrat- 
ing window is set substantially perpendicular to the di- 
rection In which the microwave advances and the mi- 
crowaves are caused to penetrate into substantially the 
whole of the vacuum vessel before being introduced via 
the cylindrical cavity into the vacuum vessel whose di- 
ameter is substantially equal to that of the cylindrical 
cavity. In this way the dimensions of the aforementioned 
apparatus are set free from any restriction. 
[0062] Fig. 7 shows the level and uniformity of the 
density of an ionic cun-ent reaching a specimen when 
the height (L) of the cylindrical cavity 64 is varied and 
Fig. 8 the behavior of a reflected microwave then. As 
shown in Figs. 7 and 8, the level and uniformity of the 
saturated ionic current density and the reflected micro- 
wave are seen to vary when the height (L) of the cylin- 
drical cavity 64 is changed. The application of the di- 
mensional (L) conditions (in the range of (1^ Ig) of the 
cylindrical cavity where the saturated ionic current den- 
sity is high and fairly uniform to Fig. 8 reveals the fact 
that the conditions under which the reflected wave be- 
comes 0 and maximized remain unsatisfied but the por- 
tion intermediate between both conditions, that is, the 
condition under which the wave is reflected to a certain 
extent is met. The reflected wave at this time is what is 
reflected back via the waveguides 63, 62. The dimen- 
stonal (L) conditions (in the range of (l^ 12) of the cy- 
lindrical cavity where the saturated ionic current density 
is high and fairly uniform are not satisfied at the peak 
values of the saturated ionic current density and uni- 
formity but set in a substantially wide range and also an 
allowable range. When the dimensions (in the range of 
(1^ ^ I2) of the cylindrical cavity allow microwaves to be 
reflected to a certain degree, the microwave is consid- 
ered to be in the plurality of specific modes rather than 
the single mode. However, the microwave may be input 
to the plasma effectively even when the reflected wave 
is great with the dimension (L) of the cylindrical cavity 
by providing a matching means such as a stab tuner in 
the waveguide 62 or the circle-rectangle conversion 
waveguide 63. 

[0063] Fig. 9 shows the relation between the dimen- 
sbn (LI) of the cylindrical cavity and the uniformity of 
the ionic current density when the distance (L2) between 
the microwave penetrating window 66 and the ECR in- 
terface is varied. Fig. 10 depicts another version of Fig. 



IS 



20 



25 



30 



35 



40 



45 



SO 



10 



19 



EP0644 575 B1 



20 



9 when the tendency therein is viewed from a different 
angle, showing the level and uniformity of the density of 
the saturated ionic current reaching the specimen when 
the distance between the microwave penetrating win- 
dow 66 and the ECR interface is varied on the assump- 
tion that the distance between the ECR interface and 
the specimen stage 68 for loading a specimen is con- 
stant. Apparently, the uniformity of the distribution of the 
saturated ionic current density is seen to improve as the 
distance (L2) between the microwave penetrating win- 
dow 66 and the ECR interface increases. In order to set 
the uniformity of the saturated ionic current density at 
not greater than 10%, a distance of not less than 50 mm 
proved to be necessary between the microwave pene- 
trating window 66 and the ECR interface according to 
another experiment. 

[0064] Fig. 11 shows the relation between the dimen- 
sion (L1) of the cylindrical cavity and the uniformity of 
the ionic current density when the distance (L3) between 
the ECR interface and the specimen stage for loading 
a specimen. Fig. 12 depicts another version of Fig. 9 
when the tendency therein is viewed from a different an- 
gle, showing the level and uniformity of the density of 
the saturated ionic current reaching the specimen when 
the distance between the ECR interface and the speci- 
men stage 68 for loading a specimen is varied on the 
assumption that the distance between the microwave 
penetrating window 66 and the ECR interface Is con- 
stant. Apparently, the uniformity of the distribution of the 
saturated ionic current density is seen to improve as the 
distance between the ECR Interface and the specimen 
stage 68 for loading a specimen increases. Since the 
uniformity sharply worsens when the distance between 
the ECR interface and the specimen stage 68 for loading 
a specimen is decreased to less than 30 mm according 
to still another experiment, a distance of not less than 
30 mm proved to be necessary between the ECR inter- 
face and the specimen stage 68 for loading a specimen 
so as set the uniformity of the saturated ionic current 
density at not greater than 10%. 
[0065] Fig. 13 shows the level, uniformity and dis- 
charge stability of the density of the ionic current reach- 
ing the specimen when a magnetic field gradient is var- 
ied. In this case, Fig. 13(a) shows the level of the ionic 
current density; 1 3(b) the uniformity of the ionic current 
density; and 1 3(c) the discharge stability of the ionic cur- 
rent density. Fig. 14 depicts another version of Fig. 13 
when the tendency therein Is viewed from a different an- 
gle, showing the level and uniformity of the density of 
the saturated Ionic current reaching the specimen when 
the magnetic field gradient at the center of the ECR In- 
terface is varied. There is little difference in discharge 
stability among cases where the setting of the magnetic 
field gradient is changed to 50 G/cm. 40 G/cm and 30 
G/cm. However, the discharge tends to become unsta- 
ble when such a value is set at 20 G/cm. According to 
another experiment, the discharge was found unstable 
when the magnetic field gradient was set at not greater 



than 15 G/cm. As shown in Fig. 14. there is little differ- 
ence among the mean values of the saturated ionic cur- 
rent density in specimens when the value of the mag- 
netic field gradient increases but the uniformity tends to 

s become poor. As set forth above, it is effective to set the 
value of the magnetic field gradient at the center of the 
ECR Interface in the range of 20 G/cm to 50 G/cm so as 
to obtain a stable uniform, high-density plasma. In order 
to obtain a further uniform plasma, an equal magnetic 

10 field plane satisfying the condition of causing ECR will 
have to be a substantially flat plane with respect to the 
processing surface of the specimen. 
[0066] As shown in Fig. 4, the magnetic field strength 
on the central axial line of the vacuum vessel 67 can 

IS readily be Increased by making the Inner diameter of the 
upper solenoid coil 651 for the main magnetic flux or the 
diameter (Dy) of the yoke 654 smaller than the diameter 
of the specimen or the microwave penetrating window 
66. Moreover, by controlling the control solenoid coils 

20 652, 653 together with the magnetic flux of the solenoid 
coil 651, a flat magnetic field can also readily be ob- 
tained within the plane in parallel to the surface of the 
specimen at a magnetic field gradient of not less than 
20 G/cm and not greater than 50 G/cm. In order to con- 

25 trol the magnetic field as mentioned above, the solenoid 
coil 651 for the main magnetic flux and the control sole- 
noid coils 652. 653 are disposed continuously without a 
large gap, respectively. With respect to the diameter of 
the vacuum vessel 67, a uniformity of not greater than 

30 1 0% was proved possible on condition that the diameter 
thereof was set at not less than +50 mm with respect to 
the diameter of the specimen. 
[0067] In the apparatus thus constructed, the radio- 
frequency power source 610 connected to the specimen 

35 stage 68 controls energy incident on ions in the plasma 
directed to the specimen loaded on the specimen stage 
68 separately from the generation of the plasma. The 
values of the currents flowing through the solenoid coils 
651 , 652 and 653 are so controlled by a power controller 

40 (not shown) as to vary the intensity of the magnetic field 
gradient, whereby it is possible to not only make flat the 
resonance magnetic field distribution (on the ECR inter- 
face) as the ECR condition of the magnetic field caused 
to be generated In the discharge space but also move 

4S the position of the plasma from the specimen-loading 
surface in the vacuum vessel 67 as a plasma processing 
chamber. 

[0066] When the position of the plasma from the spec- 
imen-loading surface Is varied through the steps of em- 

50 ploying an oxide film as a primary material for a speci- 
men, Al alloy as a workpiece and photoresist as a mask 
material, supplying 1 50 seem of BCI3 + CI2 as an etching 
gas (1 seem = 1 .69 Pa • l/s), holding processing pressure 
at 12 m Torr (1 Torr = 133,32 Pa), setting microwave 

ss power at about 1,000 W and setting radio-frequency 
power at 85 W so as to control currents flowing through 
the solenoid coils 651 , 652 and 653, the etching speed 
of the mask and primary materials is Increased as the 
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position of the plasma from the specimen is gradually 
set away from the specimen while the etching speed of 
the workpiece as the specimen remains substantially 
unchanged. Moreover, the Vpp value produced at the 
specimen stage increases as the position of the plasma s 
is gradually set away from the specimen. In other words, 
not only the bias voltage but also the incident energy of 
ions In the plasma increases and the etching residue 
tends to decrease. 

[0069] The workpiece of Al alloy is set as high as no 
residue is produced by the plasma at the time of etching 
the Al alloy, that is, the height of the plasma from the 
specimen-loading surface is reduced and set as high as 
a selection ratio with respect to the primary material is 
high, that is, the height of the plasma from the specimen- 
loading surface is increased. The intended purpose Is 
thus accomplished. 

[0070] When the oxide film (SiOg) as a primary mate- 
rial, together with the TIN or TiW film coated with an Al 
alloy film, and with the photoresist as a mask material, 
is employed for the workpiece, etching free from the res- 
idue is carried out by setting the position of the plasma 
closer to the workpiece during the etching of the Al alloy 
film, using BCI3 + CI2 or BCI3 + SF© as an etching gas, 
and etching at a high mask-to-primary material selection 
ratio is carried out by setting away the position of the 
plasma during the etching of the TiN or TiW film. Al- 
though the position of the plasma Is set closer to the 
specimen during the etching of the Al alloy film and it Is 
set away therefrom during the etching of the TiN or TiW 
film, this case is not restrictive as the positional condition 
of the plasma varies with, for example, the mixture ratio 
and pressure of the etching gas. 
[0071] In reference to the cases above where the 
workpiece is made of Al alloy and where it is the lami- 
nated film prepared by coating the TIN or TiW film with 
the Al alloy film, any other effective etching condition 
may be found by grasping etching characteristics re- 
garding each material of the workpiece even when it is 
made of materials other than those enumerated above. 
[0072] Although the position of the plasma has been 
made variable by controlling the magnetic field by 
means of the solenoid coils 65, the same effect may be 
achieved by moving the specimen stage 68 so as to 
change the distance between the specimen stage 68 
and the plasma. 

[0073] In this way, the apparatus according to the 
present invention as claimed allows the magnetic field 
formed by the solenoid coils 65 to be controlled in a wide 
range covering the height and configuration of the ECR 
interface, the magnetic flux density gradient and so 
forth. Since the setting of the height of the specimen 
stage 68 as an electrode can be recipe-based, for ex- 
ample, to make the current density of ions incident on a 
specimen controllable by regulating the height of the 
specimen stage 68, the ion current density can be 
changed on a material basis and consequently optimum 
plasma processing such as etching fit for a specific ma- 



terial becomes feasible. 

[0074] In the apparatus thus constructed, the turbo 
molecular pump 61 3 is used as the main pump and the 
exhaust channel is enlarged, so that high-velocity ex- 
haust is possible. Incidentally, the exhaust velocity of the 
turbo molecular pump 61 3 is 2,000 €/s and the effective 
exhaust velocity of the specimen-loading portion of the 
specimen stage 66 is about 900 €/s (in terms of N2). With 
respect to the high-velocity exhaust, Japanese Patent 
Laid-open No. 259119/1993 describes the effective- 
ness of such a high-velocity exhaust. According to this 
idea, while a plasma density is kept high with a low pres- 
sure being maintained at high exhaust velocity against 
etchant supply rate-determining In the case of polysili- 
con etching, a reaction gas is sufficiently supplied so as 
to increase silicon etching velocity. 
[0075] In this case, it is possible to raise a selection 
ratio by keeping the ion accelerating energy low to de- 
crease the primary material etching velocity. However, 
form controllability (i.e., to obtain vertical work-shaping 
faithful to a mask material is difficu It because the density 
of a reaction product is lowered under the condition 
which relies on such a high-velocity exhaust and some 
means for improving the form controllability is necessi- 
tated. Consequently, a specimen is cooled and then 
etched after oxygen is added to chlorine gas as an etch- 
ant. 

[0076] Therefore, an etching velocity higher than what 
Is acquired at the time of processing the specimen kept 
at room temperature is acquired by simultaneously 
keeping the specimen at low temperatures (the speci- 
men temperature at not higher than CC) In a smaller 
O2/CI2 + O2: (not greater than 1.5%) region of oxygen 
loadings than before under the high-velocity exhaust 
condition gas flow rate: (not less than 250 ml/min). Pro- 
ductivity can thus be improved further. 
[0077] The reason for this is that, in the conventional 
etching apparatus, the plasma density is insufficient, 
which often results in following the energy rate-deter- 
mining step and the etchant supply rate-detemnining 
step as the exhaust perfomnance is unsatisfactory, and 
the silicon etching velocity has not necessarily been in- 
creased. Whereas a high etching velocity seems to have 
been attained according to the present invention by 
causing a greater amount of etchant than before to stick 
to the surface of silicon and optimizing chemical reaction 
equilibrium with the addition of oxygen by maintaining a 
high-density plasma, implementing high-velocity ex- 
haust and simultaneously keeping a specimen at low 
temperatures. With respect to the silrcon oxide film, on 
the other hand, the reaction is known to be suppressed 
only in such an extremely low temperature region that 
the specimen temperature is tower than -100°C and the 
effect of suppressbn based on bw-temperature 
processing is considered unapplicable to etching veloc- 
ity It is considered rather predominant to suppress 
chemical etching (e.g.. Si - O recombination) by over- 
dosing oxygen onto the surface of the oxide film. 
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[0078] In addition, the configuration of the processing 
chamber or the etching chamber in this case is simplified 
by making the inner diameter of the vacuum processing 
apparatus 67 substantially equal to that of ring gate 15, 
and the vacuum vessel 67, the ring gate 15 and the 
specimen stage 68 are set concentric. Since the appa- 
ratus employs the high-velocity exhaust, deposits such 
as reaction products are hardly allowed to stick to the 
processing chamber as its inner face is free from rug- 
gedness and the reaction products resulting from plas- 
ma processing are prevented from accumulating as the 
gas flows uniformly and smoothly. In other words, the 
apparatus can be rendered what is substantially free 
from variation with time. Moreover, the uniformity of 
processing performance is made improvable as the gas 
flow is also uniformized. 

[0079] Referring to Fig. 1 5, there is shown therein an- 
other plasma processing apparatus embodying the 
present invention as claimed as what uses only micro- 
waves as means for generating a plasma. In Fig. 1 5, like 
reference characters designate like members of Fig. 4 
and not only the description thereof but also the illustra- 
tion of components common to both will be omitted. 
[0080] The apparatus according to the present em- 
bodiment is different from the preceding embodiment in 
that it is not equipped with solenoid coils for generating 
a magnetic field in the vacuum vessel 67 and only mi- 
crowaves are introduced via the cylindrical cavity 64 into 
the vacuum vessel 67 in order to convert a process gas 
in the vacuum vessel to a plasma. 
[0081] Since no magnetic field exists in this appara- 
tus, some of the microwaves are reflected when an elec- 
tron density exceeds 7 x lO^^/cm^. However, like the 
apparatus according to the preceding embodiment, the 
reflection end of the microwave coincides with the 
boundary plane 1 52 of the plasma 616. any action other 
then physical phenomena deriving from the magnetic 
field are similar to those according to the preceding em- 
bodiment. 

[0082] As set forth above, according to these embod- 
iments, the microwave penetrating window 66 which 
has a diameter substantially equal to the inner diameter 
of the vacuum vessel 67 is provided in the microwave 
introducing member of the vacuum vessel 67 as a plas- 
ma generating chamber. The cylindrical cavity 64 as a 
cavity which has a diameter substantially equal to the 
inner diameter of the vacuum vessel 67 is for use in res- 
onating microwaves in specific modes on a microwave 
reflective interface with the plasma generated in the vac- 
uum vessel 67 and is set adjacent to the vacuum vessel 
67 via the microwave penetrating window. The micro- 
waves are introduced via the cylindrical cavity 64 Into 
the discharge space in the vacuum vessel 67, whereby 
the plasma is generated in the vacuum vessel 67 by the 
microwaves introduced via the cylindrical cavity 64 into 
the vacuum vessel 67. As the generation of the plasma 
takes place, the microwaves from the cylindrical cavity 
64 without being absorbed by the plasma are reflected 



from the mterowave reflective interface with the plasma. 
The microwave thus reflected is again reflected from the 
top plate 641 as the reflective edge face of the cylindrical 
cavity 64 and becomes a standing wave, which under- 

5 goes the repetition of reflection between the microwave 
reflective Interface with the plasma and the reflective 
edge face of the cylindrical cavity 64 and which is su- 
perimposed on a newly-incident microwave. The reso- 
nance state is thus created, whereby microwaves in the 

10 specific modes are formed In the cylindrical cavity 64 
and the high energy of the microwaves In the specific 
modes is applied to the plasma so as to density the plas- 
ma. Since the cylindrical cavity 64 is set substantially 
equal in diameter to the discharge space, moreover, the 

15 microwaves are resonated on the whole, substantially 
equivalent cylindrical-cavity 64-to-plasma reflective sur- 
face and the microwaves in the specific modes can di- 
rectly be transmitted to the plasma. Consequently, a 
plasma excellent in uniformity can be generated with 

20 stability by resonating the microwaves in the specific 
modes simultaneously with a uniform electromagnetic 
field. 

[0083] A still higher-density plasma can be generated 
by letting the magnetic field deriving from the solenoid 

25 coils act on the generation of the plasma in contact with 
the microwaves to utilize ECR. 
[0084] Moreover, the vacuum vessel 67 as a chamber 
for processing specimens Is made cylindrical so that the 
axial sectional area at any given point may be equalized 

30 and even though the position of the ECR interface is var- 
ied in the axial direction within the vacuum vessel 67, 
the area of the ECR interface will remain unchanged, 
whereby the plasma at any given position in the axial 
direction within the vacuum vessel 67 is densified and 

35 uniformized. In other words, the state of the plasma is 
made invariable at any given position. 
[0085] Moreover, the distance of the space between 
the ECR interiace as a space where the energy of mi- 
crowaves is transmitted to the plasma and the micro- 

40 wave penetrating window 66 formed with the flat quartz 
plate for introducing the microwaves is set at not less 
than 50 mm, whereby the plasma thus generated is uni- 
formized. Further, the distance between the ECR inter- 
face as a space where the plasma thus generated is ex- 

45 panded by diffusion and the specimen stage for loading 
a specimen as a workpiece is set at not less than 30 
mm, whereby the plasma reaching the specimen loaded 
on the specimen stage is uniformized because of the 
effect of diffusion. The Ionic current density can thus be 

so distributed uniformly at not greater than 10%. 

[0086] Further, the position of the ECR interface is 
prevented from sharply fluctuating as the current 
caused to flow through the solenoid coils for generating 
the magnetic field slightly fluctuates by setting the value 

55 of the magnetic field gradient on the ECR interface at 
not less than 20 G/cm. By also setting the value of the 
magnetic field gradient on the ECR interface in the 
range of not greater than 50 Q/cm. the thickness of the 
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ECR interface is prevented from decreasing and since 
the distribution of intensity of the microwaves is prevent- 
ed from directly reflecting on the plasma density, the 
plasma reaching the specimen loaded on the specimen 
stage is also prevented from becoming variable, so that 
the deterioration of the uniformity of the saturated ionic 
current density is suppressed. 
[0087] With those features stated above, the density 
of the ionic current supplied to the processing surface 
of the work piece can be distributed with a uniformity of 
not greater than 10% to ensure that largendiameter 
specimens such as (8-inch) 200 mm wafers are uniform- 
ly etched. 

[0088] Since the provision of the insulating cover on 
the inner wall surface of the vacuum vessel 67 according 
to the embodiments above prevents the contamination 
of metal because of the plasma in the vacuum vessel, 
microwaves exhibiting uniform energy distribution are 
used for generating a uniform plasma and simultane- 
ously large-diameter specimens such as 200 mm 
(8-inch) wafers become processable uniformly at an ex- 
cellent yield rate. 



Claims 

1 . A plasma processing method comprising the steps 
of: 

supplying a processing gas to a plasma gener- 
ating chamber (67), 

vacuumizing the plasma generating chamber 
(67) to a predetermined pressure level, 
Introducing microwaves through a cylindrical 
cavity (64) directly into the plasma generating 
chamber (67), the cylindrical cavity being in mi- 
crowave communication with the plasma gen- 
erating chamber (67) via a microwave penetrat- 
ing window (66), 

converting the processing gas in the plasma 
generating chamber (67) to a plasma (615,616) 
by means of the microwaves introduced into the 
plasma generating chamber (67), 

characterized by 

introducing the microwaves comprising a sec- 
ond specific mode in the direction of a common 
central axis line of the cylindrical cavity (64) and 
the plasma generating chamber (67) into the 
cylindrical cavity (64), the inner diameter of the 
cylindrical cavity (64) being substantially equal 
to the inner diameter of said plasma generating 
chamber (67), 

reflecting the microwaves that have not been 
absorbed by the plasma (615) in specific 
modes between a reflection interface (1 51 , 1 52) 
of the plasma (615) generated in the plasma 



generating chamber (67) and an edge face 
(641) of the cylindrical cavity (64) opposite to 
the plasma generating chamber (67) so as to 
form a standing wave of a first specific mode, 
5 and 

processing a specimen by means of the plasma 
(615) generated by the microwave of first and 
second specific modes in the plasma generat- 
ing chamber (67). 

10 

2. A plasma processing method according to claim 1 , 
wherein the second specific mode is TE^^. 

3. A plasma processing method according to claim 1 , 
IS wherein the first specific mode is TEqv 

4. A plasma processing method according to claim 1 , 
wherein the plasma utilizes an ECR action by the 
microwaves and a magnetic field. 

20 

5. A plasma processing method according to claim 1 , 
further comprising adjusting an ECR interface to a 
given relative position in agreement with the mate- 
rial of the specimen. 

2S 

6. A plasma processing method according to claim 1 , 
wherein said specimen comprises a workpiece in a 
vacuum vessel (67), 

wherein said introducing the microwaves through 
so the cylindrical cavity (64) directly into the plasma 
generating chamber (67) comprises 
transmitting the microwaves in specific modes to 
the cylindrical cavity (64), and further comprising: 

35 causing the microwave to repeat reflection be- 

tween a discharge region interface with a mi- 
crowave penetrating member and the edge 
face (641) on the introducing side of the cylin- 
drical cavity (64) so as to form a standing wave 

40 in a first specific mode. 

mixing the standing wave with the microwave 
propagated through the cylindrical cavity (64), 
said propagated microwave having a second 
mode different from the first specific mode, and 

45 introducing the mixture into a discharge region, 

thus causing a discharge in the vacuum vessel 
(64). 

7. A plasma processing method according to claim 6, 
so further comprising making the specific mode trans- 
mitted to the cylindrical cavity (64) a TE^^ mode, 

making the first specific mode for forming the 
standing wave a TEqi mode, and 
55 making the second specific mode transmitted 

through the cylindrical cavity (64) a TE^^ mode. 

8. A plasma processing apparatus comprising: 
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a plasma generating chamber (67) for forming 
a discharge region, 

a cylindrical cavity (64) having an edge face 
(641 ) opposite to the plasma generating cham- 
ber (67) and being in communication to the 
plasma generating chamber (67), 
a microwave penetrating window (66) between 
the cylindrical cavity (64) and the plasma gen- 
erating chamber (67) which forms a part of the 
plasma generating chamber (67), and through 
which penetrate the microwaves into the plas- 
ma generating chamber (67), 
means (112) for supplying a processing gas to 
the plasma generating chamber (67), 
means (614) for vacuumizing the plasma gen- 
erating chamber (67) up to a pressure level, 
means (62, 63) for introducing microwaves into 
the cylindrical cavity (64) substantially perpen- 
dicular to the microwave penetrating window 
(66), 

characterized in that 

the inner diameter of the cylindrical cavity (64) 
is substantially equal to the inner diameter of 
said plasma generating chamber (67), 
the diameter of the effective penetrating portion 
of the microwave penetrating window (66) Is 
substantially equal to the inner diameter of the 
plasma generating chamber (67) such that the 
microwaves penetrate into substantially the 
whole plasma generating chamber, 
the microwaves that have not been absorbed 
by the plasma retlect in specific modes be- 
tween a reflection interface (151,152) of the 
plasma generated In the plasma generating 
chamber (67) and the edge face (641) of the 
cylindrical cavity (64) opposite to the plasma 
generating chamber (67). 

9. A plasma processing apparatus according to claim 

8, further including solenoid coils (65) provided 
around said plasma generating chaniber (67) and 
said cylindrical cavity (64). 

10. A plasma processing apparatus according to claim 

9. further comprising coils positioned to form a mag- 
netic field capable of causing an ECR action in the 
plasma generating chamber (67). one of the inner 
diameters of the coll and a yoke outside the coils 
being smaller than the diameter of the microwave 
penetrating window (66). 

11 . A plasma processing apparatus according to claim 
8, wherein the microwaves and the magnetic field 
derived from the solenoid coils (65) are set to cause 
electron cyclotron resonance. 



12. A plasma processing apparatus according to claim 
1 1 , wherein the distance between an ECR interface 
by the electron cyclotron resonance and said micro- 
wave penetrating window (66) is at least 50 mm. 

5 

1 3. A plasma processing apparatus according to claim 
1 1 , wherein the distance between the ECR interface 
and a specimen stage (68) is set at not less than 30 
mm. 

10 

14. A plasma processing apparatus according to claim 
11, wherein the value of a magnetic field gradient 
on the ECR Interface Is set in the range of 20 G/cm 
to 50 G/cm. 

IS 

15. A plasma processing apparatus according to claim 
8, further comprising gas nozzles (111) positioned 
to send jets of gas into the plasma generating cham- 
ber (67), the gas nozzles (111) being provided in the 

20 vicinity of the microwave penetrating window (66) 
and scattered In parallel to the specimen stage (68). 

16. A plasma processing apparatus according to claim 
8 further comprising a cylindrical vessel which has 

25 an inner diameter large enough to load a large-di- 
ameter wafer of not less than 200 mm (8 inches), is 
made of conductive material allowing microwaves 
to be transmitted therethrough, and is partitioned 
. with a discoidal microwave penetrating window, and 

30 whereih one side of the cylindrical vessel is kept in 
a vacuum atmosphere, whereas the other side 
thereof is connected to a microwave waveguide, 
and 

wherein the face of the microwave penetrating win- 
3S dow (66) on its vacuum atmospheric side is set sub- 
stantially close to a position away from the edge 
face of the cylindrical vessel with a microwave 
waveguide connected thereto by not greater than 
n/2 the gukie wavelength of the microwave, n being 
40 an Integer. 

17. A plasma processing apparatus according to claim 
16, wherein the inner diameter of the cylindrical ves- 
sel is not less than 350 mm and wherein the mlcro- 

4S wave waveguide Is used for propagating micro- 
waves In a circular TEi^ mode. 

18. A plasma processing apparatus according to claim 
8, wherein the plasma utilizes the ECR action by 

so the microwaves and a magnetic field. 

19. A plasma processing apparatus according to claim 
8, further comprising means for adjusting an ECR 
Interface to a given relative position in agreement 

ss with the material of the specimen. 

20. A plasma processing apparatus according to claim 
8. wherein said specimen comprises a workplace in 
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a vacuum vessel, and 

wherein said means for intrcxJucing the microwaves 
propagating through the cylindrical cavity (64) di- 
rectly into the plasma generating chamber (64) 
comprises means for transmitting the microwaves s 
In specific modes to the cylindrical cavity, 
and further comprising: 

means for causing the microwave to repeat re- 
flection between a discharge region interface io 
with a microwave penetrating member and the 
edge face (641) on the introducing side of the 
cylindrical cavity (64) so as to form a standing 
wave in a first specific mode, 
means for mixing the standing wave with the is 
microwave propagated through the cylindrical 
cavity (64), said propagated microwave having 
a second mode different from the first specific 
mode, and 

means for introducing the mixture into a dis- 20 
charge region, thus causing a discharge In the 
vacuum vessel. 

21. A plasma processing apparatus according to claim 
20, further comprising 25 

means for making the specific mode transmit- 
ted to the microwave introducing member a 
TE^i mode, 

means for making the first specific mode for 30 
forming the standing wave a TEqi mode, and 
means for making the second specific mode 
transmitted through the microwave introducing 
member a TE^i mode. 

35 

Patentanspruche 

1. Plasmaverarbeitungsverfahren. das die Schritte 
aufwelst: 

Liefern eines ProzeGgases zu einer Plasma er- 
zeugenden Kammer (67). 

Vaku umisleren der Plasma erzeugenden Kam- ^ 
mer (67) auf einen vorbestimmten Druckpegel, 

Einfuhren von Mikrowellen durch einen zylindrl- 
schen Hohlraum (64) direkt in die Plasma er- 
zeugende Kammer (67), wobei der zyllndrische so 
Hohlraum in Kommunikation fur Mikrowellen 
mit der Plasma erzeugende Kammer (67) uber 
ein fur Mikrowellen durchdringbares Fenster 
(66) ist. 

55 

Umwandein des ProzeBgases in der Plasma 
erzeugenden Kammer (67) in ein Plasma (615, 
616) durch die Mikrowellen. die in die Plasma 



erzeugende Kammer (67) eingefuhrt worden 
sind. 

gekennzelchnet durch 

Einfuhren der Mikrowellen, die einen zweiten 
speziftschen Wellentyp in der Richtung einer 
gemeinsamen zentralen Achslinle des zylindri- 
schen Hohlraumes (64) und der Plasma erzeu- 
genden Kammer (67) aufweisen, in den zylin- 
drischen Hohlraum (64), wobei der innere 
Durchmesser des zylindrischen Hohtraums 
(64) im wesentllchen gleich dem Inneren 
Durchmesser der Plasma erzeugenden Kam- 
mer (67) ist, 

Reflektieren der Mikrowellen, die nicht durch 
das Plasma (615) in spezifischen Wellentypen 
zwischen einem Reflexionsinterface (151 , 152) 
des Plasmas (615), das in der Plasma erzeu- 
genden Kammer (67) erzeugt worden Ist, und 
eine Kantenflache (641) des zylindrischen 
Hohtraums (64). der Plasma erzeugenden 
Kammer (67) gegenuberliegt, absorbiert wor- 
den ist, um eine stehende Welle eines ersten 
spezifischen Wellentyp zu bilden, und 

Verarbelten einer Probe durch das Plasma 
(615). das durch die MIkrowelle mit den ersten 
und zweiten spezifischen Wellentypen in der 
Plasma erzeugenden Kammer (67) erzeugt 
worden ist. 

2. Plasmaverarbeitungsverfahren gemaB Anspruch 1 , 
bei dem der zweite spezifische Wellentyp TE^i ist. 

3. Plasmaverarbeitungsverfahren gemaB Anspruch 1 , 
bei dem der erste spezifische Wellentyp TEqi 1st 

4. Plasmaverarbeitungsverfahren gemaB Anspruch 1 . 
bei dem das Plasma eine ECR-Aktion durch die Mi- 
krowellen und ein magnetlsches Feld venA/endet. 

5. Plasmaverarbeitungsverfahren germB Anspruch 1 , 
das welter das EInstellen eines ECR-lnterface auf 
eine gegebene relative Position in Ubereinstim- 
mung mit dem Material der Probe aufweist. 

6. Plasmaverarbeitungsverfahren gemaB Anspruch 1 , 
bei dem die Probe ein Arbeitsstuck In einem N^ku- 
umgefaB (67) aufweist, wobei das Einfuhren der Mi- 
krowellen durch den zylindrischen Hohlraum (64) 
direkt in die Plasma erzeugende Kammer (67) das 
Ubertragen der Mikrowellen in spezifischen Wellen- 
typen zu dem zylindrischen Hohlraum (64) umfaBt, 
und welter umfaBt: 

Veranlassen. daB die MIkrowelle eine Reflekti- 



16 



31 



EP0644 575 B1 



32 



on zwischen einem Ubergang eines Entla- 
dungsberelches mit einem fur Mikrowetlen 
durchdringbaren Element und der Kantenfla- 
che (641 ) auf der einfOhrenden Seite des zylin- 
drischen Hohlraums (64) wiederholt, urn eine s 
stehende Welle in einem ersten spezifischen 
Wellentyp zu bilden, 

Mischen der stehenden Welle mit der Mikrowel- 
le, die durch den zylindrischen Hohlraum (64) io 
ausgebreitet wird, wobei die ausgebreitete Mi- 
krowelle einen zweiten Wellentyp aufweist, der 
unterschiedllch vom ersten spezifischen Wel- 
lentyp ist, und 

T5 

Einfuhren des Gemisches in einen Entladungs- 
bereich und dadurch Verursachen einer Entla- 
dung In dem VakuumgefaB (64). 

7. Plasmaverarbeitungsverfahren gema3 Anspruch 6, 20 
das welter aufweist, da3 ausdem spezifischen Wel- 
lentyp, der zu dem zylindrischen Hohlraum (64) 
ubertragen wird. ein TE^^ Wellentyp gemacht wird. 

da3 aus dem ersten spezifischen Wellentyp 2S 
zum Bilden der stehenden Welle ein TEq^ Wel- 
lentyp gemacht wird, und 

da3 aus dem zweiten spezifischen Wellentyp, 
der durch den zylindrischen Hohlraum (64) 30 
ubertragen wird, ein TE^i Wellentyp gemacht 
wird. 

8. Plasmaverarbeitungsvorrichtung, die aufweist: 

3$ 

eine Plasma erzeugende Kammer (67), um ei- 
nen Entladungsbereich zu bilden. 

einen zylindrischen Hohlraum (64), der eine 
Kantenseite (641 ) aufweist, die der Plasma er- 40 
zeugende Kammer (67) gegenuberliegt und in 
Kommunikation zu der Plasma erzeugenden 
Kammer (67) ist, 

ein fQr Mikrowellen durchdringbares Fenster 

(66) zwischen dem zylindrischen Hohlraum 
(64) und der Plasma erzeugenden Kammer 

(67) , das einen Tell der Plasma erzeugenden 
Kammer (67) bildet, und durch das die Mikro- 
wellen in die Plasma erzeugende Kammer (67) so 
eindrlngen. 

Einrichtungen (112) zum Llefern eines 
ProzeBgases zu der Plasma erzeugenden 
Kammer (67), ss 

Einrichtungen (614), umdie Plasma erzeugen- 
de Kammer (67) bis zu einem Druckpegel zu 



vakuumisieren, 

Einrichtungen (62, 63) um Mikrowellen in den 
zylindrischen Hohlraum (64) im wesentllchen 
senkrecht zu dem fur Mikrowellen durchdring- 
baren Fenster (66) einzufuhren, 

dadurch gekennzeichnet, daB 

der tnnere Durchmesser des zylindrischen 
Hohlraums (64) im wesentlichen gleich dem in- 
neren Durchmesser der Plasma erzeugenden 
Kammer (67) ist, 

der Durchmesser des effektiven Eindringab- 
schnittes des Fensters (66) zum Eindringen der 
Mikrowellen im wesentlichen gleich dem inne- 
ren Durchmesser der Plasma erzeugenden 
Kammer (67) ist, so daB die Mikrowellen im we- 
sentlichen in die gesamte Plasma erzeugende 
Kammer (67) eintreten, 

wobei die Mikrowellen, die nicht durch das 
Plasma absorbiertworden sind, in spezifischen 
Wellentypen zwischen einem Reflektionsinter- 
face (151,1 52) des Plasmas, das in der Plasma 
erzeugenden Kammer (67) erzeugt worden Ist, 
und der Kantenseite (641) des zylindrischen 
Hohlraums (64) reflektlert werden, der der 
Plasma erzeugenden Kammer (67) gegen- 
Qberliegt. 

9. Plasmaverarbeitungsvorrichtung gemaB Anspruch 

8, die welter Solenoid-Spulen (65) aufweist, die um 
die Plasma erzeugende Kammer (67) und den zy- 
lindrischen Hohlraum (64) bereitgestellt sind. 

10. Plasmaverarbeitungsvorrichtung gemaB Anspruch 

9, die weiterhin Spulen aufweist, die so angeordnet 
sind, daB sle ein magnetisches Feld biklen, das da- 
zu geeignet ist, eine ECR-Aktion in der Plasma er- 
zeugenden Kammer (67) zu verursachen, wobei 
der eine der inneren Durchmesser der Spule und 
ein Joch auBerhalb der Spulen klelner als der 
Durchmesser des von den Mikrowellen durchdring- 
baren Fensters (66) ist. 

11. Plasmaverarbeitungsvorrichtung gemaB Anspruch 
8, bei der die Mikrowellen und das magnetische 
Feld, das von den Solenoid-Spulen (65) abgeleitet 
ist, so eingestellt werden, daB eine Elektron-Zyklo- 
tron-Resonanz verursacht wird. 

12. Plasmaverarbeitungsvorrichtung gemaB Anspruch 
1 1 , bei der der Abstand zwischen einem ECR-lnter- 
face zwischen der Elektron-Zyklotron-Resonanz 
und dem von der Mikrowelle durchdringbaren Fen- 
ster (66) zumindest 50 mm Ist. 
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13. Plasmaverarbeltungsvorrichtung gema3 Anspruch 
11. bei der der Abstand zwischen dem ECR-lnter- 
face und einer Probeplattform (68) auf nicht weni- 
ger als 30 mm eingestellt ist. 

14. Plasmaverarbeltungsvorrichtung gemaB Anspruch 
11, bei der der Wert eines magnetischen Feldgra- 
dienten auf dem ECR-lnterface in dem Berelch von 
20 G/cm auf bis 50 G/cm eingestellt ist. 

15. Plasmaverarbeltungsvorrichtung gemaB Anspruch 
8, die weiterhin Gasdusen (111) auf weist, die so po- 
sitioniert sind, da3 sie Gasstrahlen in die Plasma 
erzeugende Kammer (67) senden, wobei die Gas- 
dusen (111) in der Nahe des von der Mikrowelle 
durchdringbaren Fensters (66) bereitgestellt sind 
und parallel zu der Probeplattform (68) gestreut 
sind. 

16. Plasmaverarbeltungsvorrichtung gemaB Anspruch 
8. die weitertiin ein zyiindrisches GefaB aufweist, 
das einen inneren Durchmesser hat. der groB ge- 
nug ist, um einen Wafer mit einem groBen Durch- 
messer von nicht weniger als 200 mm (8 inches) zu 
laden, das aus einem leitenden Material hergestellt 
ist. das eriaubt, daB Mikrowellen hindurch ubertra- 
gen warden, und mit einem diskoidalen von Mikro- 
wellen durchdringbaren Fenster aufgeteilt ist, und 
worin eine Selte des zylindrischen GefaBes in eIner 
Vakuumatmosphare gehalten wird, wohingegen die 
andere Seite davon mit einem Mikrowellen-Wellen- 
leiter verbunden ist, und 

worin die Seite des Fensters (66), das von den Mi- 
krowellen durchdrungen wird auf seiner atmospha- 
rischen Vakuumseite Im wesentlichen nahe zu einer 
Position gesetzt ist, die weg von der Kantenseite 
des zylindrischen GefaBes mit einem damit verbun- 
denen Mikrowellen-Wellenleiter ist, um nicht mehr 
als n/2 der FQhrungswellenlange der Mikrowelle, 
wobei n eine ganze Zahl ist. 

17. Plasmaverarbeltungsvorrichtung gemaB Anspruch 
16, bei der der innere Durchmesser des zylindri- 
schen GefaBes nicht Kleiner als 350 mm ist und 
worin der Mikrowellen-Wellenleiter zum Ausbrelten 
von Mikrowellen in einem kreisformigen TEn-Wel- 
lentyp verwendet wird. 

18. Plasmaverarbeltungsvorrichtung gemaB Anspruch 
8, bei der das Plasma die ECR-Aktion durch die Mi- 
krowellen und ein magnetisches Feld verwendet. 

19. Plasmaverarbeltungsvorrichtung gemaB Anspruch 
8, die weitertiin eine Einrichtung zum Einstellen ei- 
nes ECR-lnterface auf eine gegebene relative Po- 
sition in Uberelnstimmung mit dem Material der 
Probe aufweist. 



20. Plasmaverarbeltungsvorrichtung gemaB Anspruch 
8. worin die Probe ein Werkstuck in einem Vakuum- 
gefaB aufweist und worin die Einrichtung zum Ein- 
fuhren der Mikrowellen, die sich durch den zylindri- 

5 schen Hohlraum (64) ausbreiten, direkt in die Plas- 
ma erzeugende Kammer (67) eingefuhrt wird, die 
EInrichtungen zum Ubertragen der Mikrowellen in 
spezifischen Wellentypen zu dem zylindrischen 
Hohlraum aufweist, und welter aufweisen: 

10 

EInrichtungen. um die Mikrowelle dazu zu ver- 
aniassen, eine Reflexion zwischen einer Entla- 
dungsberek:h-Schnittstelle mit einem fur Mikro- 
wellen durchdringbaren Element und der Kan- 
is tenflache (641 ) auf der einfuhrenden Seite des 

zylindrischen Hohlraums (64) zu wiederholen. 
um eine stehende Welle in einem ersten spezi- 
fischen Wellentyp zu bilden, 

20 Einrichtungen zum Mischen der stehenden 

Welle mit der Mikrowelle, die durch den zylin- 
drischen Hohlraum (64) ausgebreitet worden 
ist, wobei die ausgebreitete Mikrowelle einen 
zweiten Wellentyp aufweist, der unterschied- 
25 lich von dem ersten spezifischen Wellentyp ist, 

und 

Einrichtungen zum Einfuhren des Gemisches 
In einen Entladungsbereich und dadurch Ver- 
30 ursachen einer Entladung in dem Vakuumge- 

faB. 

21. Plasmaverarbeitungsvorrichtung gemaB Anspruch 
20, die welter eine Einrichtung aufweist, um aus 

3S dem spezifischen Wellentyp. der zu dem Mikrowel- 
len einfuhrenden Element ubertragen worden ist, 
einen TEi^ -Wellentyp zu machen, 

Einrichtungen, um aus dem ersten spezifi- 
40 schen Wellentyp zum Bilden der stehenden 

Welle einen TEq^ -Wellentyp zu machen, und 

Einrichtungen, um aus dem zweiten spezifi- 
schen Wellentyp einen TEn -Wellentyp zu ma- 
4S Chen, der durch das Mikrowellen einfuhrende 

Element Qbertragen wird. 



Revendications 

so 

1. Proc6d6 de traitement au plasma comportant les 
Stapes conslstant ^ : 

alimenter un gaz de traitement dans une cham- 
ss bre de production de plasma (67), 

6vacuer la chambre de production de plasma 
(67) jusqu'^ un niveau de pression pr6d6termi- 
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introduire des micro-ondes k travers une cavity 
cylindrique (64) directement dans la chambre 
de production de plasma (67), la cavit6 cylin- 
drique 6tant en communication de micro-ondes 
avec la chambre de production de plasma (67) 
via une fen§tre de pdndtration de micro-ondes 
(66). 

convert! r le gaz de traitement dans la chambre 
de production de plasma (67) en un plasma 
(615, 616) par TintermSdiaire des micro-ondes 
introduites dans la chambre de production de 
plasma (67), 

caract^risd par 

rintroduction dans la cavity cylindrique (64) des 
micro-ondes comportant un second mode sp6- 
clfique dans la direction d'une ligne commune 
formant axe central de la cavity cylindrique (64) 
et de la chambre de production de plasma (67), 
le diamdtre intdrieur de la cavitd cylindrique 
(64) dtant pratlquement dgal au diam^tre int6- 
rieur de ladlte chambre de production de plas- 
ma (67). 

la reflexion des micro-ondes qui n'ont pas 6\e 
absorbdes parle plasma (61 5) dans des modes 
spteifiques entre une interface de reflexion 
(151, 152) du plasma (615) prodult dans la 
chambre de production de plasma (67) et une 
face de rebord (641 ) de la cavite cylindrique 
(64) situde en vis-^-vis de la chambre de pro- 
duction de plasma (67) de maniere k former 
une onde stationnaire d'un premier nnode spd- 
cifique, et 

le traitement d'un specimen par I'interm^diaire 
du plasma (615) prodult par les micro-ondes 
des premier et second modes sp^cifiques dans 
la chambre de production de plasma (67). 

2. Procede de traitement au plasma selon la revendi- 
cation 1 , dans lequel le second mode spSctflque est 

3. ProcSd^ de traitement au plasma selon la revendi- 
catlon 1 , dans lequel le premier mode specifique est 
TEov 

4. Proc^d6 de traitement au plasma selon la revendi- 
cation 1 . dans lequel le plasma utilise une action de 
rdsonance gyromagn6tique ECR cr66e par les mi- 
cro-ondes et un champ magndtique. 

5. Proc6d6 de traitement au plasma selon la revendi- 
cation 1 , comportant de plus I'ajustement d'une in- 
terface ECR k une position donn^e relative confor- 
mdment au mat6rlau du specimen. 

6. Proc6d6 de traitement au plasma selon la revendi- 



cation 1 , dans lequel ledit specimen consiste en une 
pi^ce k usiner dans un recipient k vide (67), 

dans lequel ladite introduction des micro-ondes 
s k travers la cavitd cylindrique (64) directement 

dans la chambre de production de plasma (67) 
comporte I'^tape consistant k transmettre des 
micro-ondes dans des modes spdcifiques dans 
la cavitd cylindrique (64), et comporte de plus 
10 les stapes consistant k : 

amener les micro-ondes k r^pdter une reflexion 
entre une interface de region de ddcharge 
ayant un 6l6ment de p6n6tratlon de micro-on- 
des et la face de rebord (641 ) situ^e sur le c6\6 
IS d'introductlon de la cavity cylindrique (64) de 

maniere k former une onde stationnaire dans 
un premier mode specifique, 
mdlanger I'onde stationnaire avec la micro-on- 
de qui s'est propag^e k travers la cavitd cylin- 
20 drique (64), ladite micro-onde propag6e ayant 

un second mode different du premier mode 
spdcifique, et 

introduire le melange dans une region de dd- 
charge, en entratnant ainsi une d^charge dans 
25 le recipient k vide (64). 

7. Proc^dd de traitement au plasma selon la revendi- 
cation 6, comportant de plus les dtapes consistant 
k etablir le mode specifique transmis dans la cavitd 

30 cylindrique (64) ^ un mode TE^i , 

etablir le premier mode specifique pour former 
I'onde stationnaire k un mode TEqi, et 
etablir le second mode specifique transmis k 
ss travers la cavite cylindrique (64) a un mode 

TEiv 

8. Dispositif de traitement au plasma comportant : 

40 une chambre de production de plasma (67) 

pour former une region de d6charge, 
une cavite cylindrique (64) ayant une face de 
rebord (641) sttuee en vis-§i-vis de la chambre 
de production de plasma (67) et etant en com- 

45 munication avec la chambre de production de 

plasma (67), 

une fenetre de penetration de micro-ondes (66) 
entre la cavite cylindrique (64) et la chambre de 
production de plasma (67) qui forme une partie 

50 de la chambre de production de plasma (67), 

et k travers laquelle penetre les micro-ondes 
dans la chambre de production de plasma (67), 
des moyens (112) pour alimenter un gaz de trai- 
tement dans la chambre de production de plas- 

55 ma (67), 

des moyens (614) pour evacuer la chambre de 
production de plasma (67) jusqu'd un certain ni- 
veau de pression. 
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des moyens (62, 63) pour introduire des micro- 
ondes dans la cavity cylindrique (64) pratique- 
ment perpendiculairement k la fendtre de pd- 
nitration de micro-ondes (66). 

5 

caractdrisd en ce que 



distance qui n'est pas inf^rieure k 30 mm. 

14. Dispositif de traitement au plasma selon la reven- 
dication 11, dans lequel la valeur d'un gradient de 
champ magndtique sur I'lnterface ECR est ^tabii 
dans la plage allant de 20 G/cm ^ 50 G/cm. 



le diamdtre intdrieur de la cavity cylindrique 
(64) est pratiquement 6ga\ au diam^tre intd- 
rieur de ladite chambre de production de plas- 
ma (67). 

te diam^tre de la partie de pdndtratlon efficace 
de la fendtre de penetration de micro-ondes 

(66) est pratiquement 6gal au diamfetre int6- 
rieur de la chambre de production de plasma 

(67) de sorte que les micro-ondes p^n^trent 
dans pratiquement toute la chambre de produc- 
tbn de plasma (67), 

les micro-ondes qui n'ont pas 6X6 absorbdes 
par le plasma sont r6fl6chies dans des modes 
sp6cifiques entre une interface de r6flexion 
(151 . 152) du plasma produit dans la chambre 
de production de plasma (67) et la face de re- 
bord (641 ) de la cavitd cylindrique (64) sltu6e 
en vis-^-vis de la chambre de production de 
plasma (67). 

9. Dispositif de traitement au plasma selon la reven- 
dication 8, comportantde plus des bobines-soldnoT- 
des (65) agencdes autourde ladite chambre de pro- 
duction de plasma (67) et de ladite cavite cylindri- 
que (64). 

10. Dispositif de traitement au plasma selon la reven- 
dication 9, comportant de plus des bobines posi- 
tionn^es pour former un champ magnetique capa- 
ble de provoquer une action ECR dans la chambre 
de production de plasma (67), un des diamdtres in- 
terieurs de la bobine et d'un bloc de deviation situe 
k i'exterieur des bobines etant plus petit que le dia- 
m6tre de la fenStre de p6n6tration de micro-ondes 
(66). 



15. Dispositif de traitement au plasma selon la reven- 
dication 8, comportant de plus des tuyeres k gaz 

10 (111) positionn6es pour envoyer des jets de gaz 
dans la chambre de production de plasma (67), les 
tuyeres k gaz (111) etant agencies k proximite de 
la fendtre de penetration de micro-ondes (66) et leur 
diffusion etant paralieie au porte-specimen (68). 

IS 

16. Dispositif de traitement au plasma selon la reven- 
dication 8, comportant de plus un recipient cylindri- 
que qui a un diarndtre interieur suffisamment large 
pour charger une plaquette de grand diarndtre qui 

20 n'est pas inferieur k 200 mm (8 pouces), qui est 
constitue d'un mat6riau conducteur permettant aux 
micro-ondes d'etre transmises k travers celui-ci, et 
separe par une fendtre de penetration de micro-on- 
des en forme de disque, et dans lequel un c6te du 
25 recipient cylindrique est maintenu dans une atmos- 
phere de vide, alors que I'autre cote de celui-ci est 
connecte k un guide d'ondes pour micro-ondes. et 
dans lequel la face de la fendtre de penetra- 
tion de micro-ondes (66) sur son cote d'atmosphdre 
30 de vide est etablie pratiquement k proximite d'une 
position eioignee de la face de rebord du recipient 
cylindrique, un guide d'ondes pour micro-ondes 
etant connecte k celui-ci par une valeur qui n'est 
pas superieure k n/2 fois la longueur d'onde du gui- 
3S de des micro-ondes, n etant un nombre entier. 

17. Dispositif de traitement au plasma selon la reven- 
dication 16, dans lequel le diamdtre interieur du re- 
cipient cylindrique n'est pas inferieur k 350 mm et 

40 dans lequel le guide d'ondes pour micro-ondes est 
utilise pour propager les micro-ondes dans un mo- 
de TEii circulaire. 
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11. Dispositif de traitement au plasma selon la reven- 
dication 8, dans lequel les micro-ondes et le champ 
magnetique derive des bobines-sol6noides (65) 
sont regies pour entrainer une resonance gyroma- 
gnetique. 

12. Dispositif de traitement au plasma seton la reven- 
dication 1 1 , dans lequel la distance entre une inter- 
face ECR creee par la resonance gyromagnetique 
et ladite fendtre de penetration de micro-ondes (66) 
est d'au moins 50 mm. 

13. Dispositif de traitement au plasma selon la reven- 
dication 11, dans lequel ia distance entre t'tnterface 
ECR et un porte-specimen (68) est etablie k une 



18. Dispositif de traitement au plasma selon la reven- 
4S dication 8, dans lequel le plasma utilise Taction ECR 

creee par les microKxides et un champ magneti- 
que. 

19. Dispositif de traitement au plasma seton la reven- 
50 dicatbn 8, comportant de plus des moyens pour 

ajuster une Interface ECR k une position relative 
donnee conformement au materiau du specimen. 

20. Dispositif de traitement au plasma selon la reven- 
55 dication 8. dans lequel ledit specimen consiste en 

une pidce k usiner dans un recipient k vide, et 

dans lequel lesdits moyens pour Introduire les 
micro-ondes se propageant k travers la cavlte cy- 
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llndrique (64) directement dans la chambre de pro- 
duction de plasma (67) comportent des moyens 
pour transmettre les micro-ondes dans des modes 
sp^cifiques dans ta cavity cylindrique, 

et comportant de plus : ^ 

des moyens pour amener les micro-ondes ^ r6* 
pdter une reflexion entre une interface de re- 
gion de ddcharge ayant un dl6ment de p6nd- 
tration de microondes et la face de rebord io 
(641) sur le c6\6 d'introduction de la cavitd cy- 
lindrique (64) de manidre k former une onde 
stationnaire dans un premier mode sp6cifique, 
des moyens pour m6langer I'onde stationnaire 
aux micro-ondes propag6es k travers la cavit6 is 
cylindrique (64), lesdites micro-ondes propa- 
g6es ayant un second mode diff6rent du pre- 
mier mode sp6cffique, et 
des moyens pour introduire le melange dans 
une region de d6charge, entrainant ainsi une 20 
d^charge dans le recipient k vide. 

21. Dispositif de traitement au plasma selon la reven- 
dication 20. comportant de plus des moyens pour 
dtablir le mode spdcifique transmis dans Tdl^ment 2S 
d'introduction de micro-ondes k un nrKxJe TEqv 

des moyens pour 6tablir le premier nrKxie sp6- 
cifique pour former une onde statbnnaire k un 
modeTEoi.et 30 
des moyens pour 6tablir le second mode sp6- 
cifique transmis k travers rel6ment d'introduc- 
tion de micro-ondes k un mode TE^^ 

3S 
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